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Copyright  Niasse M absence of phosphocalcic metabolic disorder); radiological data (standard radiographic data, angioscanner data of the lower limbs); histological data (histological examination of biopsy parts or exostosis operations); and evolutionary data after the end of growth. In the evolutionary data, the following were recorded: stabilisation; resumption of activity (occurrence of pain or increase in volume of osteochondromas); malignant degeneration; occurrence of osteoarticular complications (bone deformation, shortening of a bone, fracture, joint deformation especially at the knees [genu varum, genu valgum, genu recurvatum, flessum of the knee]); occurrence of compression of adjacent structures (vascular [arterial and/or venous], nerve compression); and therapeutic data (symptomatic pain management [analgesics, non-steroidal anti-inflammatory drugs], surgical treatment [removal of exostoses]).
Results

Description of index case observations
The first index case: This was a 28-year-old man who had been seen for painless bony swelling since the age of 8 years. The swellings were located at the distal third of the right forearm, distal thirds of the thighs and proximal thirds of the legs. They were of variable size, between 2 and 12 cm ( Figure 1 ). The examination also found a dilated and sinuous appearance of the superficial veins in the left lower limb (Figure 1 ). Peripheral arterial pulses were perceived, synchronous and symmetrical. The rest of the clinical examination was normal. Biological explorations did not find inflammatory syndrome, while calcaemia and phosphataemia were normal. Standard radiographs objectified multiple bone growths of sessile appearance. They were located at the metaphyses of the right radius, femurs, tibias and fibula. Moreover, the angio scanner of the lower limbs showed continuity of the spongy bone and the cortex between the osteochondromas and the supporting bones. It revealed vascular compressions in the veins (superficial and deep) and left popliteal artery ( Figure  1 ). Thus, the diagnosis of multiple exostosis disease complicated by arteriovenous compression was retained. The patient was then referred to orthopaedic for surgical resection of the compressive osteochondromas.
The second index case:
A 42-year-old male was observed for diffuse bone masses evolving since the age of 2 years ( Figure 2 ). He had previous consultations at traditional practitioners but was assessed in our department because he had a painful bone mass. The clinical evaluation showed tumefactions with the bone mass between 3.5 and 6 cm in size. They were located at the distal ends of the upper limbs, at the left elbow and at the lower limbs (proximal and distal ends of the legs and distal end of the right thigh) ( Figure 2 ). A painful mass was also felt on the left flank and was part of the iliac bone. There was a dysmorphic syndrome responsible for limb inequality, characterised by curvature of the forearms and a left genu valgum. There was no inflammatory syndrome or phosphocalcic metabolic disorder. Standard radiographs found multiple sessile-like bone growths in the limbs. They were located in the bone metaphyses and left iliac bone with a hypertrophic and heterogeneous appearance. They confirmed the deformations of the forearm bones with a shortening of the left radius associated with ulno-humeral dislocation on the homolateral side. Surgical removal of the left iliac mass was performed. Histological examination of the operating room eliminated a neoplastic process. He was in favour of an osteochondrome by finding bone and cartilage tissue casings. The bone tissue was compacted by regular bone that spans around the Haversian canal. The cartilage tissue contained medullary tissue with fibrous reworking. The diagnosis of a multiple exostosis disease was retained.
The third index case:
A 31-year-old man had been consulted for diffuse bone masses since the age of 18. On examination, the bone masses at the lower end of the thighs and forearms, at the upper end of the legs and on the left scapula ( Figure 3 ). Their diameters varied between 3 and 5 cm at the limbs and their evolution was stationary. The mass on the scapula was characterised by intermittent pain and measured 13 cm from the major axis. The forearms were deformed with a curved aspect ( Figure 3 ). The thoracic tomodensitometry showed the exostosis developed on the scapula, and the diagnosis of multiple exostosis disease was retained ( Figure 3 ).
Description of the Families
The three families had a total of 108 members. Fifteen of them had multiple exostosis disease. There were 13 men and 2 women (sex Third degree 0 0% ratio: 6.5). Family prevalence was 13.88% ( Figure 4 ). The degrees of kinship between the index cases and the other members are presented in Table 1 . The average age was 6 years at the onset of the disease (extremes: 1 and 18 years) and 21 years (extremes: 9 and 31 years) at the time of diagnosis. The inbreeding rate was 55%, while the average time to diagnosis was 15 years (extremes: 8 and 18 years). Moreover, the number of osteochondromas recorded in a patient ranged from 4 
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Copyright  Niasse M to 17. Exostoses were localized to the limbs in 87.30% of cases (upper limbs: 38.18%; lower limbs: 61.82%) and to the axial skeleton in 12.70% of cases ( Figure 5 ). Their detailed topographical description is given in Tables 2 and 3 . Additionally, they were all painless during the growing season.
Standard radiographs showed a sessile aspect of exostosis localized to the limbs in 14 patients and a pedicle aspect in 2 patients. There was a patient who had both aspects. After the end of the growth period, the trend was marked by a resumption of activity in 
Copyright  Niasse M 6 cases. Osteo-articular complications and vascular compressions were noted. Osteo-articular involvement was in the form of forearm curvature in 3 cases and knee deformities in 2 cases (a valgum knee). Vascular compressions involved the lower limb veins (superficial in 2 cases and deep in 1 case) and the left popliteal artery in 1 case. Any compression of nerve structures had been objectified. We did not find any malignant degeneration. Moreover, treatment in patients with reactivated disease was based on the use of analgesics and nonsteroidal anti-inflammatory drugs. Surgical resection of exostosis was carried out in three of these patients ( Figure 6 ).
Discussion
We performed a familial screening from three index cases of multiple exostosis disease, and we report in this study three family forms of this disease. The disease is essentially reported in Western literature, where its prevalence is estimated at 1/50,000 [2, 14, 15] as well as its familial forms [15, 18] . In North Africa, only one Tunisian study was interested in the family cases of the hereditary multiple exostoses [7] . In sub-Saharan Africa, reported cases are apparently sporadic. To our knowledge, they come from Congo (4 cases) [19] , Senegal (3 cases) [8, 20, 21] , Ivory Coast (1 case) [3] and Burkina (1 case) [11] .
The family prevalence of multiple exostosis disease was 13.88% in our study, much higher than that reported in the Western population. This reflects an aggregation of the disease in our families [1, 2, 15, 22] . A similar study conducted in India confirms the same findings, with a higher prevalence at 27% [15] . This suggests the involvement of genetic factors, although the involvement of epigenetic factors cannot be excluded [16] . The higher frequency among first degree relatives (10.18%), compared to second (3.70%) and third degree (0%), suggests both a multifactorial and polygenic character of this heredity [15] .
The mode of transmission of the disease was difficult to establish in our study. Due to the insufficiency of our technical platform, genetic analysis could not be carried out on our patients. However, the literature data show a mutation of at least one of the three genes: EXT1, EXT2 and EXT3 found in 90% of cases with autosomal dominant transmission [2, 14, 23, 24] . These tumour suppressor genes, located respectively on chromosomes 8q23-q24, 11p11-p12 and the short arm of chromosome 19, encode glycosyltransferases (exostosins), which are enzymes involved in the polymerisation of heparan sulphates. Heparan sulphates are proteoglycans located on the surface of cells and in the extracellular matrix [5, 25] . A significant decrease in their levels or their poor quality (truncated chains) would disturb the growth plate and/or perichondrial function. Moreover, they are said to be responsible for the occurrence of exostosis [26, 27] . The mechanism involves signalling pathways through the Bone Morphogenetic Protein (BMP) and Hedgehog (Hh) family members: sonic hedgehog (SHH) and Indian hedgehog (IHH) receptors [26, 27] . BMP and Hh are factors that promote stem cell differentiation to osteogenesis by decreasing adipogenesis [26, 27] . However, 10 to 15% of multiple exostosis disease are sporadic, suggesting the involvement of other factors, particularly epigenetics [26, 27] . These environmental factors can be traumatic, physical (radiation during childhood) or infectious (osteomyelitis) [1] . In our study, the existence of similar cases, mainly among first degree relatives, was in favor of a hereditary origin of the disease [15, 20] . This hypothesis was reinforced by the high inbreeding rate in families (55%) and the absence of environmental factors induced in our patients. The male predominance in our study patients is consistent with the data in the literature [1, 2] . Exostoses are more frequently encountered in men, with a sex ratio varying from 1.6 to 3.4 [1] . The age at the apparent onset of the disease was on average 6 years in our study. Indeed, exostoses are the prerogative of a child where they develop during the growth period [1, 2] . Thus, the diagnosis of multiple exostosis disease is often made early, in most cases before the age of 12 years due to the accessibility of bone masses [2] . In our study, the diagnosis was made at an older age with an average delay of 15 years after the onset of symptoms. This delay in consultation in our patients could be explained by the painless nature of the osteochondromas during the growth period. As such, index cases 2 and 3 only consulted after having presented painful exostoses after 40 and 13 years of evolution, respectively.
In our study, exostosis was mainly localised at the level of the limb metaphyses and predominant at the knees (including the lower extremities of the thighs and upper legs), then at the lower extremities of the forearms and finally at the upper arms and lower legs. This topographical distribution is in accordance with the literature [2, 27] . The preferential localisation of exostoses reflects their pathogenesis: (i) they are absent from bones with membrane ossification, which directly give bone tissue without intermediate cartilage tissue (face, skull vault), and (ii) they are present essentially on bones with chondral ossification, which produce bone tissue via intermediate cartilage tissue (metaphyseal versant of long bones and some flat or short bones) [2, 27] . However, more rarely described locations have been found in our patients, including spinal, iliac, scapular, clavicular and costal [7, 15] . The diagnosis of exostosis is essentially radiological [13, 28] . In the typical form, histology is not required [1] . The radiological forms of exostosis are multiple, but can be individualized into three types: (i) pedicle forms, which are narrow implantation and always inclined towards the diaphysis;(ii) sessile forms, which are those found in our patients and characterized by a wide implantation on the metaphysis and diaphysis; and (iii) cauliflower forms [13, 28] . The pathognomonic radiological sign, easily identified on tomodensitometric images and detected in the first case index in our study, is the evidence of the continuity of the cancellous bone and the cortex between the osteochondroma and the carrier bone [1] .
Depending on its location and volume, exostosis can be responsible for complications that may be frightening but rarely revealing, including osteo-articular complications (deformities, bone fractures, osteomyelitis) and compression of adjacent structures [3, 13, 15, 29, 30] . Thus, osteo-articular deformities responsible for limb inequality were identified in two cases in our study. In addition, arterial and venous compressions were noted in two cases. One of the most striking deformities observed in our patients is the short, curved forearm, which is found in up to 60% of cases [2] . The inequality in length of the lower limbs is often due to a knee deformity. According to Clement et al., this deformity is usually in the form of a valgum knee, as in our study [2, 31] .
Vascular complications are rare, observed in 11% of cases [5, 21] . In a literature review from 1965 to 2013, we identified only 57 cases of vascular complications of osteochondromas of the lower limbs [5, 13, 21] . They include vessel compression, stenosis, thrombosis,
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Copyright  Niasse M arteriovenous fistulas and pseudo-aneurysms [1, 5] . These vascular complications are believed to result from the "trapping" of vascular structures by adjacent exostoses [5] . Damage to the popliteal artery, found in our study, is the most common vascular complication (91% of cases) due to the frequent location of osteochondromas at the lower end of the femur and upper end of the tibia [5, 11] . The associated venous and arterial compressions were the originality of this observation [5, 11] . Moreover, the most serious complication is malignant degeneration into chondrosarcoma in 90% of cases [2] . This possibility, not found in our study, is reported in about 2% of cases in more recent series [2, 32] . The predictive signs of malignant degeneration include certain localisations (pelvic, upper extremities of the femur, shoulders), resumption of osteochondromal activity after the end of growth (onset of pain, increase in volume) and thickness of the cartilage cap greater than 2 cm [1, 2, 32] . Six patients had a resumption of exostosis activity leading to surgical resection in three cases. The surgical indication also arises in the face of compression of adjacent structures, including neurological and vascular structures (found in two of our patients) [1, 32, 33] , or in order to correct bone deformities, particularly in the limbs [2, 32] . As a result, regular monitoring has been established in all our patients.
Conclusion
The family forms of multiple exostosis disease were characterized in our study by an early onset and family aggregation of the disease. The attack was diffused, interestingly in both the peripheral and axial skeleton. We also noted orthopaedic and systemic complications (vascular compressions) and highlighted the importance of systematic family screening of all cases of multiple exostosis disease. This would reduce the diagnostic delay and the occurrence of complications.
